Background: Long noncoding RNAs (lncRNAs) are involved in various human diseases, including cancers. However, their mechanisms remain undocumented. We investigated alterations in lncRNA that may be related to pancreatic cancer (PC) through analysis of microarray data. Methods: In the present study, quantitative real-time PCR analysis was used to examine the expression of taurine upregulated 1 (TUG1) in PC tissue samples and PC cell lines. In PC cell lines, MTT assays, colony formation assays, and flow cytometry were used to investigate the effects of TUG1 on proliferation, cell cycle regulation, and apoptosis. Moreover, we established a xenograft model to assess the effect of TUG1 on tumor growth in vivo. The molecular mechanism of potential target genes was detected through nuclear separation experiments, RNA immunoprecipitation (RIP), chromatin immunoprecipitation assays (ChIP), and other experimental methods. Results: The findings suggest that the abnormally high expression of TUG1 in PC tissues was associated with tumor size and pathological stage. Knockdown of TUG1 blocked the cell cycle and accelerated apoptosis, thereby inhibiting the proliferation of PC cells. In addition, RIP experiments showed that TUG1 can recruit enhancer of zeste homolog 2 (EZH2) to the promoter regions of Rho family GTPase 3 (RND3) and metallothionein 2A (MT2A) and inhibit their expression at the transcriptional level. Furthermore, ChIP experiments demonstrated that EZH2 could bind to the promoter regions of RND3 and MT2A. The knockdown of TUG1 reduced this binding capacity.
Introduction
Pancreatic cancer (PC) is one of the most aggressive malignant tumors in the world and the fourth most common cause of death. The most common sites for metastasis in PC are the common bile duct, duodenum, stomach, and celiac artery. PC is a disease characterized by rapid progression, high mortality, and a high degree of malignancy. In recent years, its morbidity and mortality have increased steadily. [1] [2] [3] Although the diagnostic and therapeutic strategies have rapidly progressed over the past two decades, submit your manuscript | www.dovepress.com
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hui et al the achievement in diagnosing and curing PC remains inadequate. The 5-year survival rate of patients with PC is ~6%. 4 Although the combination of tumor markers and imaging modalities has facilitated prompt and accurate diagnosis of this disease, the absence of early clinical symptoms continues to delay diagnosis. 2 Therefore, the pathogenesis of early PC has become an important research topic.
In recent years, noncoding RNAs (ncRNAs) have been shown to act as key regulators of gene expression. 5 There is a class of ncRNAs with a length between 200 and 100,000 nucleotides exhibiting limited or no protein-coding capacity. These are called long noncoding RNAs (lncRNAs) and they play essential roles in human diseases like metabolic diseases and cancers. 6 lncRNAs are involved in many biological processes, such as Th-cell differentiation, 7 embryonic stem cell differentiation, 8 cell senescence, 9 cancer cell apoptosis and metastasis, 10 autophagy and myocardial infarction, 11 and resistance to chemotherapy. 12 Recent studies have shown that dysregulation in lncRNAs is characterized by specificity for certain tissues. In addition, its abnormally high expression in the serum or tumor tissues of some cancer patients is closely related to tumor metastasis and poor prognosis. 13 These lncRNAs participate in tumor occurrence and development via the activation of tumor promoters or silencing of tumor suppressors. Different mechanisms, such as epigenetic modification, RNA decay, alternative splicing, and regulation of posttranslational modifications have been identified to explain the regulatory effect.
14 Collectively, it is increasingly obvious that different lncRNAs may function as tumor suppressors or oncogenes in tumorigenesis.
To date, many lncRNAs have been demonstrated to be involved in PC, such as HOTAIR, HOTTIP, MALAT-1, AFAP1-AS1, H19, PVT1, and AF339813. 15 Upregulated HOTAIR could promote resistance to tumor necrosis factorrelated apoptosis inducing ligands in PC cell lines. 16 HOTTIP changes the biological characteristics of cancer stem cells in PC by regulating HOXA9. 17 Enhancer of zeste homolog 2 (EZH2) binds to MALAT-1, a combination that inhibits E-cadherin and promotes cell migration and invasion without altering cell proliferation.
18 H19 promotes metastasis of PC cells by inhibiting let-7 against its target HMGA2-mediated epithelial-mesenchymal transition (EMT) inhibition. 19 lncRNA-PVT1 competitively binds miR-448 to regulate translation of downstream target genes to promote proliferation and migration of PC cells. 20 As we look into the future, we recognize the imperative need for further study on the PC-related lncRNAs.
We conjectured that there are still numerous undiscovered lncRNAs involved in PC and their molecular processes remain undocumented. We downloaded the microarray data set (GSE16515; 52 pairs of tumor and normal tissue samples) from the Gene Expression Omnibus (GEO; https://www. ncbi.nlm.nih.gov/sites/GDSbrowser?acc=GDS4102) and analyzed the data to obtain a set of lncRNAs that were abnormally expressed in PC. We found that one of the upregulated lncRNAs, namely taurine upregulated 1 (TUG1), also showed significantly increased expression levels in PC tissues. In addition, we demonstrated its biological functions, potential molecular mechanisms, and target genes in our study.
The TUG1 gene is 8,330 bp in length, located at GRCh38. p7, and consists of three exons. It has been shown that TUG1 promotes the proliferation of cells of cholangiocarcinoma and cervical cancer. 21, 22 Qin and Zhao and Zhao et al demonstrated that TUG1 is capable of facilitating proliferation and migration of PC cell lines through EMT or through sponging miR-382. 23, 24 However, there have been no reports regarding the regulatory function of TUG1 at the transcriptional level in PC cells. In this study, we aimed to examine the relationship between the expression of TUG1 in PC and the clinicopathological features of patients with PC. We focused on exploring its effect on the biological behavior of PC cell lines in vitro and in vivo. We investigated the molecular mechanisms that may explain this effect, providing a theoretical basis for the clinical genetic diagnosis and treatment of PC.
Materials and methods
Tissue collection and ethics statement
PC tissues and adjacent normal tissues (42 pairs) were collected from patients with PC. None of the patients received any local or systemic therapy prior to surgery and they provided written informed consent prior to their participation in this study. According to the WHO classification guidelines, clinical features such as pathological staging, grading, and lymph node status were determined by experts with extensive clinical experience. All the experiments described in this article have been approved by the ethics committee of Nanjing Medical University. The national guidelines for care and use of laboratory animals were strictly enforced during the animal experiments. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 declaration of Helsinki and its later amendments or comparable ethical standards. All media were supplemented with 10% FBS, 100 U/mL penicillin, and 100 mg/mL streptomycin (Thermo Fisher Scientific).
rna extraction and qrT-Pcr analyses
We extracted total RNA using TRIzol reagent (Thermo Fisher Scientific) according to the manufacturer's instructions, and subsequently, reverse transcribed the RNA into cDNA using the Reverse Transcription System Kit (Takara Biotechnology, Dalian, China). Real-time PCR was performed to determine the expression level of mRNA in PC cells or tissues with GAPDH as a control according to the manufacturer's standard procedure (Takara Biotechnology). The relative level of gene expression is in the form of ΔCt, and the fold change in gene expression was calculated using the 2 −ΔΔCt method. All experiments were performed in triplicate.
Transfection of Pc cells
To prevent off target effects, three separate siRNAs and scrambled negative control siRNA were designed for different sites and purchased from Thermo Fisher Scientific. According to the manufacturer's instructions, we used Lipofectamine 3000 (Thermo Fisher Scientific) to transfect siRNA and plasmids into PC cell lines. Following transfection (48 hours), all the transfected cells were collected for analysis.
cell proliferation assays
Cell viability was tested using the MTT kit (Sigma-Aldrich Co, St Louis, MO, USA) according to the manufacturer's instructions and the transfected cells were grown in 96-well plates. We recorded the proliferation of cells every 24 hours after transfection of cells according to the manufacturer's instructions. The cells were treated with 20 µL MTT and then cultured at 37°C for 4 hours. After removing the medium, 150 µL of dimethyl sulfoxide were added to each well to lyse the cells. Finally, the absorbance was measured at 490 nm. All experiments were performed in triplicate.
colony formation and clonogenic assays
The PC cells were trypsinized into single-cell suspensions 48 hours following transfection. For the colony formation assay, 500 cells were plated into each well of a six-well plate and maintained in media containing 10% FBS to allow colony formation. The medium was replaced every 4 days. The plates were incubated for 1-2 weeks at 37°C in a 5% CO 2 atmosphere until colonies were formed. The colonies were immobilized with methanol and stained with 0.1% crystal violet (Sigma-Aldrich Co.) in PBS for 15 minutes. The visible colonies were manually counted. All measurements were performed in triplicate.
Flow cytometry
Cell cycle and apoptosis were analyzed by flow cytometry and the transfected cells were harvested by trypsin digestion. The FITC-Annexin V Apoptosis Detection Kit was purchased from BD Biosciences (San Jose, CA, USA). FITC-Annexin V and propidium iodide were used for double staining in accordance with the manufacturer's instructions, followed by flow cytometry (FACScan; BD Biosciences). We first distinguished AsPC-1 and BxPC-3 cells by living cells, dead cells, early apoptotic cells, and apoptotic cells. The relative proportion of early apoptotic cells in the transfection group and the control group was the target of our comparison. When analyzing the cell cycle, we calculated and compared the percentage of cells in the G0/G1, S, and G2/M phase in the transfected and control groups through FACScan analysis using the CycleTEST PLUS DNA kit (BD Biosciences) according to the instructions. All samples were assayed in triplicate.
Xenotransplantation mouse model
We purchased 4-week-old male nude mice from the Animal Center of Nanjing University (Nanjing, China) and maintained all mice pathogen-free in the laminar flow cabinet. For the in vivo cell proliferation assay, we stably transfected the BxPC-3 cell line with shRNA and an empty vector. After collecting the cells, both groups were resuspended at a density of 2×10 7 cells/mL. Subsequently, 100 µL of the shRNA-transfected cells and 100 µL of the empty vector cells were subcutaneously transplanted to both sides of the BALB/c male nude mice, respectively. We examined the growth of xenograft tumors every 2 days and the tumor volume was measured as length × width 2 ×0.5. Sixteen days after the injection, the mice were sacrificed through asphyxiation using CO 2 and the tumors were peeled off from the nude mice for further analysis. This study was conducted in strict accordance with the guidelines of the National Institutes of Health on the use of experimental animals. 
subcellular fractionation location
A PARIS Kit (Thermo Fisher Scientific) was used to isolate the nuclear and cytosolic portions of PC cells according to the manufacturer's instructions. The levels of TUG1, GAPDH, and U1 RNA in the cytoplasm and nuclear components were detected using qRT-PCR. GAPDH was used as a cytoplasmic control, while U1 was used as nuclear control. The relative ratios of TUG1, GAPDH, and U1 in the cytoplasm or nucleus are presented as percentages of the total RNA.
riP
In accordance with the manufacturer's instructions, we performed RIP experiments using the Magna RIP RNA Binding Protein Immunoprecipitation Kit (EMD Millipore, Billerica, MA, USA). AsPC-1 and BxPC-3 cells were lysed in complete RIP lysis buffer; the cell extracts were mixed with magnetic beads conjugated with specific antibodies or control IgG (EMD Millipore), and incubated for 6 hours at 4°C. To remove the protein, we incubated the extracts with proteinase K after washing the beads. Finally, the purified RNA was subjected to qRT-PCR analysis. The EZH2 RIP assay antibody was purchased from Abcam (Cambridge, UK).
chiP
ChIP assays were performed using the EZ-ChIP kit according to the manufacturer's instructions (EMD Millipore). Immunoprecipitation was performed using anti-EZH2 and anti-H3K27me3 antibodies (EMD Millipore) with normal mouse IgG as a negative control. The primers were designed according to the promoter sequences of RND3 and MT2A, referring to the upstream of the RND3 and MT2A gene transcription start sites. The corresponding primers were subsequently then used for qRT-PCR according to the manufacturer's instructions. Using the formula 2 (InputCt−TargetCt) ×0.1×100, the ChIP data were calculated as a percentage with respect to the input DNA.
Western blotting analysis and antibodies
Transfected AsPC-1 and BxPC-3 cells were treated with RIPA protein extraction reagent (Beyotime, Beijing, China) containing the protease inhibitor and phenylmethylsulfonyl fluoride. After determining the protein concentration, ~50 µg of the protein extract were separated using 10% SDS-PAGE and then transferred to a nitrocellulose membrane (SigmaAldrich Co). Subsequently, the nitrocellulose membranes were incubated with specific antibodies (Cell Signaling Technology, Danvers, MA, USA). The intensity of the bands was observed and determined through densitometry (Quantity One software; Bio-Rad Laboratories Inc, Hercules, CA, USA), while GAPDH was used as a control.
statistical analysis
We performed statistical analysis using the SPSS software package (SPSS Inc., Chicago, IL, USA) and GraphPad Prism 5 software (GraphPad Software Inc., La Jolla, CA, USA). The significance of the differences observed between the experimental and control groups was estimated using the Student's t-test or chi-squared test. The OS of PC patients was calculated using the Kaplan-Meier method and compared using the log-rank test. Pearson correlation coefficients were calculated using the Prism 5 software (GraphPad Software Inc). P0.05 was considered statistically significant.
Results
TUG1 expression is increased in human Pc tissues and cell lines
To identify lncRNAs that may be involved in the development of PC, we first downloaded the GEO data set (GSE16515) and analyzed the microarray data. The results showed that the lncRNA TUG1 was abnormally expressed in PC tissues compared with normal tissues ( Figure 1A ). In addition, we determined the expression levels of 42 TUG1 in PC tissues and adjacent normal tissues using quantitative reverse transcription PCR (qRT-PCR). The results showed that 39 of the 42 pairs of tissues showed high levels of TUG1 expression (fold change: 2, P0.001) ( Figure 1B) . The expression levels of TUG1 were subsequently measured in human PC cell lines (AsPC-1, BxPC-3) and a human normal pancreatic cell line (HPDE6-C7). As shown in Figure 2A , the expression of TUG1 was significantly higher in PC cell lines compared with that observed in human normal pancreatic cells (both P0.05). We then focused on detecting the biological function of this overexpressed lncRNA in PC cells to assess its diagnostic or therapeutic potential for PC.
high expression of TUG1 is associated with tug-lymph node metastasis (TnM) stage, tumor size, lymphatic metastasis, poor prognosis
In order to further understand the importance of the abnormally high expression of TUG1 in PC, we assessed potential showed that an increased level of TUG1 expression was positively correlated with an advanced TNM stage (P0.001) and tumor size (P0.01). The expression of TUG1 was higher in patients with stage III/IV or tumor size 4 cm, whereas it was lower in patients with stage I/II or tumor size 4 cm ( Figure 1D and E) . However, in our study, there was no significant relationship between the expression of TUG1 and other clinical factors such as gender (P=0.352) and age (P=0.537) ( Table 1 ). To further evaluate the effect of TUG1 expression on the prognosis of PC patients, the samples were divided according to the median level of TUG1 expression into a high TUG1 expression group (above median value, N=21) and a low TUG1 expression group (below median value, N=21) ( Figure 1C ). The Kaplan-Meier survival analysis and logarithmic rank test were used to determine the overall survival (OS). As shown in Figure 1F , the OS rate in the high TUG1 expression group 8 months was 23.8%, while that of the low TUG1 expression group was 47.6%. Notably, the overexpression of TUG1 was associated with shorter OS (P=0.017). These results suggest that TUG1 may be a useful marker of PC prognosis or progression.
TUG1 promotes proliferation of Pc cells in vitro
To study the function of TUG1 in PC cells, we first performed qRT-PCR analysis to detect its expression in multiple human PC cell lines. As shown in Figure 2A , the expression of TUG1 was significantly upregulated in two PC cell lines (AsPC-1 and BxPC-3) compared with that observed in human normal pancreatic cells HPDE6-C7. Subsequently, we designed three different TUG1 siRNAs for transfection into cell lines. qRT-PCR analysis was performed 48 hours after transfection, and the data showed that all TUG1 siRNAs were effectively introduced into the cells. Of note, si-TUG1 1# and 2# showed more effective interference than si-TUG1 3# ( Figure 2B ). Therefore, we chose si-TUG1 1# and 2# for subsequent experiments. The sh-TUG1 we designed was successfully introduced into cells ( Figure 2C ). MTT assays showed that the knockdown of TUG1 expression significantly inhibited the growth of AsPC-1 and BxPC-3 cells compared with the corresponding randomized control ( Figure 2D and E). Similarly, colony formation assays showed a significant reduction in the survival rate of clonal formation after downregulation of TUG1 in AsPC-1 and BxPC-3 cells (Figure 2F and G). Apoptosis and cell cycle regulation were identified as two factors leading to the growth of PC cells. Thus, we performed flow cytometry analysis to characterize these factors. In order to examine whether the effect of TUG1 on the proliferation of PC cells reflects the change in cell cycle, flow cytometry analysis was performed to study the cell cycle progression. The results showed that AsPC-1 and BxPC-3 cells transfected with si-TUG1 stagnated at the G1/ G0 phase ( Figure 3A ). In addition, flow cytometry was performed to determine whether apoptosis involved in TUG1 knockdown induces cell growth arrest. As shown in Figure 3B , the rate of early apoptosis (upper right) and late apoptosis (lower right) with low TUG1 in AsPC-1 and BxPC-3 cells was higher than that reported in control cells. In conclusion, it was found that the knockdown of TUG1 expression significantly reduced the proliferation rate of cells, arrested the cell cycle, and induced apoptosis. These findings suggest that TUG1 may be an oncogene involved in promoting the proliferation of PC.
Knockdown of TUG1 inhibits Pc cells tumorigenesis in vivo
To investigate whether TUG1 can also affect tumor development in vivo, BxPC-3 cells were stably transfected with sh-TUG1 or an empty vector ( Figure 2C ). MTT assays showed that sh-TUG1 vector transfection impaired BxPC-3 cell growth in vitro. In addition, colony formation assays showed that BxPC-3 decreased colony formation following transfection with the sh-TUG1 vector. Subsequently, sh-TUG1 or BxPC-3 cells stably transfected with an empty vector were injected into mice. As shown in Figure 4A , silencing of TUG1 inhibited tumor growth compared with the control group. Twenty days after injection, the tumors formed in the sh-TUG1 group were significantly smaller than those formed in the control group ( Figure 4B) . Meanwhile, the weight of the tumor in the sh-TUG1 group was significantly reduced compared with that observed in the empty vector group ( Figure 4C ). In addition, the qRT-PCR assay showed that levels of TUG1 expression in tumor tissues formed by sh-TUG1 cells were lower than those observed in the control group ( Figure 4D ). In addition, tumors formed from BxPC-3 cells transfected with sh-TUG1 showed a decreased positivity for Ki-67 compared with the control cells ( Figure 4E ). These data suggest that the knockdown of TUG1 inhibits tumor growth in vivo.
TUG1 suppresses the transcription of rho family gTPase 3 (RND3)/ metallothionein 2a (MT2A) in Pc
In order to explore the molecular mechanism of TUG1 in the phenotype of PC cells, we investigated potential targets for the regulation of tumor cell proliferation and apoptosis. Therefore, we performed qRT-PCR to determine the gene expression that may negatively regulate tumor initiation and progression. Interestingly, the expression levels of RND3 and MT2A increased in AsPC-1 and BxPC-3 cells transfected with si-TUG1 ( Figure 5A ). The expression of the RND3/MT2A protein was determined through Western blotting analysis. After transfection with si-TUG1, the levels of RND3 were 3.4-fold higher in AsPC-1 cells, 2.7-fold higher in BxPC-3 cells, 2.3-fold higher in AsPC-1 cells, and 2.9-fold higher in BxPC-3 cells ( Figure 5B) . Meanwhile, the expression of RND3/MT2A in 42 PC tissues and PC cell lines was determined using qRT-PCR. The results showed that the mRNA levels of RND3/MT2A in PC tissues and cell lines (AsPC-1 and BxPC-3) were generally lower than those observed in matched normal tissues and cell lines ( Figure 5C and D). These data showed that RND3 and MT2A were negatively regulated by the mRNA and protein levels of TUG1 in PC cells. Moreover, the inhibition of TUG1 contributed to the activation of RND3/ MT2A, confirming our earlier findings that TUG1 may be involved in promoting the proliferation of PC cells.
Tumor-suppressive function of rnD3 and MT2a in Pc
In the present study, we specifically observed the effect of RND3 and MT2A overexpression on the proliferation of PC cells. After transfection with pcDNA-RND3, pcDNA-MT2A, or an empty vector, MTT and colony formation assays were used to investigate the cellular activity in AsPC-1 and BxPC-3 cells. The MTT and colony formation assays showed that overexpression of RND3 or MT2A could inhibit cell viability in PC ( Figure 6D and E). Therefore, it was concluded that RND3 and MT2A play a role in tumor inhibition in PC.
TUG1 suppresses the transcription of RND3/MT2A by binding with eZh2 at the transcriptional level
In order to determine the distribution of TUG1 in PC cells, we performed hierarchical separation of PC cell lines and obtained nuclear and cytoplasmic grades. We found that the TUG1 RNA was mainly located in the nucleus rather than the cytoplasm ( Figure 7A ), indicating that it plays a regulatory role at the transcriptional level. Excessive levels of GAPDH or U1 RNA were used as an indicator of successful grading. Recent studies have concluded that ~20% of lncRNAs regulate downstream target genes by binding to the polycomb repressive complex 2 (PRC2). 25 PRC2 is a methyltransferase that trimethylates H3K27 to suppress the transcription of specific genes; one of its major components is EZH2. 26 A previous study demonstrated that HOXA-AS2 can epigenetically silence the expression of P21/PLK3/ DDIT3 via binding to EZH2. 27 In addition, ANRIL was shown to be able to cross talk with microRNAs by binding to PRC2, thus regulating the growth of PC cells. 28 In view of this background, RNA immunoprecipitation (RIP) analysis was performed to confirm the binding of TUG1 to PRC2. As shown in Figure 7B , endogenous TUG1 was enriched in anti-EZH2 RIP level in PC AsPC-1 and BxPC-3 cells. Our results suggest that TUG1 may be genetically suppressed by binding to EZH2.
Transfection of EZH2 siRNA into PC AsPC-1 and BxPC-3 cells with si-EZH2 1# and 2# showed more effective interference than si-EZH2 3# ( Figure 7C ). Furthermore, we detected increased expression of RND3 and MT2A in EZH2-depleted PC cells ( Figure 7D ). Based on our qRT-PCR data ( Figures 5A and 7D ), RND3 and MT2A are the In addition, the results of a chromatin immunoprecipitation (ChIP) analysis showed that EZH2 could bind to the RND3 and MT2A promoter regions to induce histone lysine 27 trimethylation (H3K27me3) modification in PC AsPC-1 and BxPC-3 cells. Knockdown of TUG1 results in binding of the RND3 and MT2A initiators by EZH2 and reduction in H3K27me3 occupancy ( Figure 7E ). These results showed that TUG1 can promote the growth of PC cells and regulate transcription of RND3 and MT2A by binding to EZH2.
Discussion
Recent findings have suggested that many lncRNAs (such as HOTTIP, 29 NORAD, 30 PVT1, 31 and MEG3 32 ) play important biological roles in PC. Our previous investigation also identified that lncRNA SNHG15 inhibits the expression of P15 and KLF2 to promote the proliferation of PC cells through EZH2-mediated H3K27me3. 33 Generally, lncRNAs are involved in the regulation of cancer cells, phenotypes by regulating the expression of target genes through different molecular mechanisms, including chromatin modification, genomic imprinting, RNA decay, sponging miRNAs, and binding with RNA binding protein. 34, 35 As databases were established and populated, more lncRNAs were identified and their abnormal expressions were revealed in a variety of human cancers, including PC. In this study, we determined the overexpression of the lncRNA TUG1 in human PC tissues by analyzing data from the GEO database and confirming the findings in paired cancer tissues and adjacent non-tumor tissues obtained from patients who had not undergone drug therapy prior to surgery. In addition, the knockdown of TUG1 expression led to significant inhibition of cell proliferation and promotion of apoptosis in vitro and in vivo. These findings suggest that TUG1 plays a direct role in regulating cell proliferation and progression of PC, and may be a useful novel marker of prognosis or progression for PC. 36, 37 As additional lncRNAs are studied, many have been shown to function by binding to PRC2 and silencing downstream target genes involved in multiple cancers, including PC. TUG1 has been reported to be involved in the proliferation of cancer cells by silencing the expression of KLF2, 38 P57, 39 and BAX. 40 In this study, we found that TUG1 is mostly located in the cell nucleus and could bind to EZH2, a core subunit of PRC2, resulting in suppressing the transcription of RND3 and MT2A.
RND3 (also known as RhoE) encodes proteins belonging to the superfamily of small GTPase proteins, including Rnd1, Rnd2, and RND3, which are involved in cell migration, invasion, and cell responses to nerve processes TUG1 interacted with eZh2 to repress the expression of rnD3 and MT2a. Notes: (A) relative levels of TUG1 in the cell cytoplasm or nucleus of asPc-1 and BxPc-3 cells were determined using qPcr. gaPDh was used as cytoplasmic control and U1 was used as nuclear control. The distribution of TUG1 rna in the cytoplasm or nucleus was represented as the percentage rate of total rna. (B) The rna levels in immunoprecipitates with eZh2 and sUZ12 were determined using qPcr. The expression levels of TUG1 rna are represented as fold enrichment relative to the igg immunoprecipitate. (C) The relative expression levels of eZh2 in asPc-1 and BxPc-3 cells transfected with si-nc or si-eZh2 (si-eZh2 1#, si-eZh2 2#, and si-eZh2 3#) were measured using qPcr. (D) The mrna levels of rnD3, MT2a, KlF2, PlK3, P15, P21, laTs1, laTs2, rraD, and asPP2 were determined using qPcr after knockdown of eZh2 in asPc-1 and BxPc-3 cells. (E) chiP shows eZh2/h3K27me3 occupancy on the rnD3 or MT2a promoter regions in asPc-1 and BxPc-3 cells, and knockdown of agaP2-as1 decreases their occupancy. The mean values and sD were calculated from triplicates of a representative experiment. *P0.05, **P0.01. Abbreviations: Pc, pancreatic cancer; TUG1, taurine upregulated 1; qPcr, quantitative Pcr; nc, negative control; eZh2, enhancer of zeste homolog 2; riP, rna immunoprecipitation.
extension and branching.
41 RND3, also known as RhoE, has been shown to play a separate role in the oncogenesis of human cancer. Previous studies have shown it to be an antiproliferative protein. Tang et al reported that RND3 is downregulated in lung cancer cell lines, and its reintroduction can block the proliferation of cancer cells. Mechanistically, Notch intracellular domain (NICD) protein abundance in H358 cells was regulated by Rnd3-mediated NICD proteasome degradation. Rnd3 regulated H358 and H520 cell proliferation through a Notch1/NICD/Hes1 signaling axis independent of Rho Kinase. 42 Zhu et al showed that wild-type TP53 significantly increased the expression of RND3, while the enhanced expression of RND3 significantly inhibited proliferation. These findings indicated that RND3 is a tumor suppressor regulated by TP53. 43 In addition, downregulation of RND3 in esophageal squamous cell carcinoma cells promotes cell proliferation and cell cycle progression, whereas upregulation of RND3 inhibits submit your manuscript | www.dovepress.com
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hui et al cell proliferation and leads to cell cycle arrest at the G0/ G1 phase. Also, overexpression of RND3 increased PTEN and CDKN1B/p27, and decreased pAKT and CCND1 (cell cycle protein D1). 44 It has been reported that RND3 prevents the release of EIF4E from EIF4EBP1/4e-bp1 and inhibits cap-dependent translation. Therefore, RND3 also inhibits the expression and transcription activity of the EIF4E target MYC/c-myc. 45 Poch et al confirmed that RND3 inhibits the activation of ERK, thereby reducing CCND1 expression and leading to decreased inactivation of RB1/retinoblastoma 1. This mechanism is involved in the inhibition of glioblastoma cell growth induced by RND3. 46 RND3 induces inhibition of the proliferation of fibroblasts and serum-induced s-entry. In addition, human papillomavirus E7, adenovirus E1A, and CCNE (cell cycle protein E) can rescue cell cycle progression in RND3 expressing cells, indicating that RND3 can inhibit cell cycle progression upstream of the phosphorylated RB1 checkpoint. 47 Therefore, the underlying mechanism for the anti-proliferation capability of RND3 is context-dependent. Moreover, we found that upregulation of RND3 also inhibits the proliferation of PC cells and its upregulation could be caused by TUG1 knockdown in PC cells.
Metallothionein (MT) is a low molecular weight, heavy metal-binding protein. Human MT consists of four isoforms, namely MT1, MT2A (or MT2), MT3, and MT4. 48 In contrast to the histologically specific expression of MT3 and MT4, MT1 and MT2A are the major MT isoforms, which are highly conserved and present in almost all types of soft tissue. The expression of MT can be induced by many mediators and regulated in a cell/tissue-specific manner in response to external signals. The human MT genes are highly homologous and clustered in the q13 region of chromosome 16, containing one set of MT1 genes (MT1A, B, E, F, G, H, and X genes) and another of MT isomers (MT2A, MT3, and MT4). MT is involved in a variety of cellular functions, such as metal ion homeostasis, cell differentiation, apoptosis, inflammation, carcinogenesis, and chemical sensitization. The abnormal expression of MT may change its functional characteristics related to tumor and neurodegeneration. 49 The effects of MTs on pathophysiological processes, particularly on the development of cancer, are the subject of numerous studies. However, the complexity of MT expression has been shown to be associated with tumorigenesis, tumor progression, and patient prognosis in different types of cancer. For example, the expression of MT is increased in breast, kidney, bladder, and ovarian cancers. [49] [50] [51] In contrast, the expression of MT is low due to epigenetic silencing and plays a role in tumor inhibition in a range of other human tumors, such as thyroid, esophagus, liver, colon, and prostate cancer. [52] [53] [54] [55] [56] [57] The present study found that upregulation of MT2A can inhibit the proliferation of PC cells and TUG1 knockdown could induce MT2A upregulation in PC cells. However, the regulatory mechanism of MT2A in PC remains elusive.
Although to date only a few lncRNAs have been well characterized, they have been shown to regulate various levels of gene expression, including chromatin modification and posttranscriptional processing. 58, 59 Despite the observation of TUG1-induced proliferation of PC cells, other possible targets and mechanisms that highlight such regulatory behavior need to be fully elucidated.
Conclusion
In summary, the expression of TUG1 was significantly increased in PC tissue. This finding suggests that its upregulation may be a prognostic factor in patients with PC, indicating a lower survival rate and a higher risk of metastasis. We found that TUG1 may regulate the proliferation capacity of PC cells, probably through the regulation of RND3 and MT2A. These results suggest that lncRNAs may regulate the expression of different target genes at the transcriptional level and contribute to the biological function of different cancer cells. Our findings shed light on the pathogenesis of PC and facilitate the development of targeted lncRNAs for the diagnosis and treatment of cancer.
